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ALTERNATING CURRENT STANDARD




　　The basic electrical units are determined by the absolute measurement, while in
practical measurement the comparison method is employed in usual. In this case there
must be the standard which the unknown quantity is compared with.　DC quantity―
voltage, current, and power―are measured precisely by means of ａ potentiometer and
its accessories in conjunction with the χV^eston-Cell and the standard resisters. As the
sufficient accuracy, say 0.01%, can be obtained easily in DC measurement, we appreciate
that the DC standard is established satisfactorily.　０ｎ the other hand in AC measure･
ment there is not such ａ voltage standard as the χＶｅｓtｏｎ･Cell.Then effective value is
transfered from DC value with AC-DC Transferinstruments. AC standardization de-
pends on the above-stated transfer system｡
　　In 1957 we issued the report of investigation “ General review of maintenance of
AC standard ”(Circular of ETL Ｎ０. 147) which is ａ valuable guide to appreciate the
subjects for technical inquiry, references, and researching activities of the other labora-
tories in the world. As already announced in that circular, we will issue the research
on AC standard in Japan one after another. In this paper the electrodynamometer
type AC/DC transferinstruments and their accessories are mainly described.
２Part I. Establishment and Maintenance of AC Standard
１
Introduction
1.１　Meaning of AC standard
1.２　Contribution to science and industry　　　　　　　　　　　　　　　　　　　　～
1.3　Historical developement of AC-DC transferinstruments
1.4　Summary of contents
We presume that the AC/DC transferinstrument is the ｓｏ･calledAC standard. We
make efforts to establish the AC standard―voltage, current, and power (power～audio
frequency) ―for science and industry.　As is generally known, the instrument makes
use of the electrodynamic and electrostatic force or thermal phenomena, which have
the same response to DC and AC. For this pourpose we commonly use the electro-
dynamic, electrostatic, and thermal type instruments. Though almost all instruments
are thoroughly free from errors as ａ transferinstrument, some errors of each type may
be very small and residuals are　sometimes calculable. Then the performance of
transferinstrument depends on the accuracy of determination of transfer error.
　　We investigated the results obtained at the well-known laboratories, with proud
history of their own, and reviewed the tendency of those days from　1900 to 1962 by
dividing four periods.
2. Establishment of AC standard (Voltage, Current and Power)
　　2.１　Some requirements for transferinstrument
　　2.2　Transfer error
　　2.3　Establishment of AC standard
　　2.4　Calibration of indicating instrument








True value in AC and DC
Testing point on scale
　　　　　　　.　　　（α。。αｊ，:　Correction at N in AC and ＤＣ）
　　As ｅｓtｉｍａtｉｏｎｏｆらcis not perfect, we may ｐｈttp://www．101＋（71011／
　　　　　　　　　　　　心:　known factor
　　　　　　；　　　　　　　心気　unknown factor
　　Generally there are two procedures to measure ，y.
　　（7ｘdenotes transfer error of instrument χ and（ｙＳdoes that of Ｓ.
Procedure (I)





measured accurately with potentiometer method. Then both instruments are connected
to AC supply source in series or parallel according to their circuits. When the indica･
tion χ Γeaches the same value 7zin the firsttest, the indication of S，－jV一一,must be
read.　Then we disconnect them, and apply DC only to Ｓ. True DC input jvi。at the
same indication, 皿ｉｎ AC must be measured with potentiometer method｡
　　　　　　　　　　　　　　　＿(7vj÷Ｎ．;)－(陶ｃ＋陶j)
　　　　　　　　　　　　　　(Ty=　　　　　　2Ⅳ　　　　　　＋(７Ｓ
　　Value with ´is true input in case of reversed polarity DC.
Procedure (II)
　　Both χ and S instruments are connected to DC supply source in series and parallel
according to their circuits. The indication of Ｓ，―N―, must be read when that of χ
is n. In turn they are connected to AC supply and A'^',indication of Ｓ，must be read







percentage difference of indication of Ｓ between in DC and AC, e' is in
case of reversed DC polarity･
　　'Ｗｅ can recognize that 。χis not determined unless 。ｓis known. The value 。ｓis
not determined absolutely｡
　　An easy way to determine the transfer error of basic transferinstrument, ―as―, is
to assume (Tos'=0. Then ≪rs=ffos. In this case AC value is standardized under a limited
authority, and few trouble occurs in many practical calibration, if this transferinstrument
has high stability and reliability｡
　　But it is only too true that to estimate 。(jis the very important theme in AC
standardizing.　Transfer test between different principle transferinstruments should be
employed in order to estimate t7oへ　The author denote as followsぴ。=ffo。＋ぴOO
> Os
―ぴos＋
(yoy where sufix D corresponds to one principle, and
sufix S to another one. The dif-
ference in percentage is obtained by procedure (11). If S is ａ basic standard1 Ｓｎｓdenotes
the difference. If the relation, £ns= <^OD一Cos, is confirmed, ctod'―ffos'=O is reduced. But
practically, almost a^D≠Ｋ， aoy≒K where K is arbitrary value. Then we consider
ぴoｙ竺0，ぴ,)yＳＯin case of ，7oｙ－ぴoy三0. Since a£5= ff0£)，ぴs=o'os>or ffc=りs+ffos- Now
we employ the instrument S as ａ standard. We must estimate the accuracy of deter-
mination of 。OS, because reliability of standard depends on the stability of 。OS- The
stability can be checked by means of comparison test among the instruments with the
same principle and the construction. The standard value to be maintained among them
is assumed the arithmetical mean of their own value｡
　　Ｔｈｅぴo of their own is revalued by means of ｓ measured in comparison test desig-
nating one of them the orignal standard, and oo* is the new estimated value.
４　　"Ｗｅcan estimate the accuracy of the standard by comparison test, both same and
other principle instruments.
　　Calibration system for AC instruments is to be constructed systematically･
　　AC standard value must be supplied for the following two objects･
(1) Calibration of the lower class instruments―0.2, 0.5……etc. class（JIS）－.
(2) Calibration of standard wattmeter for watt-hour meter certification.
　　The system. we recommend in ａ period of transition,is as follows.
AC/DC Transferinstrument
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　　　Thefollowing table shows the equipments we have developed. £)1,of which princi-
pie was based on Silsbee's composite coil dynamometer, has been used principally for
calibration of 0.2 class (JIS) instruments.　The quadrant electrometer SQ, was care-







(Standard Division :　Electrotechnical Laboratory)














SQl w.v. Quadrant electrometer　　　　　　　　　　　　(Zero method) instrument　　　　　　　　TDK
　300～50V{，-，A










































Operation Console - -
























cosc)=0 standard air condenser YEW for fictional load test
Supply Sources
3KI 50～60 c/s DC Motor･AC Generator Meidensha o～150 V, 300 V　O～5A　　for fictional load test




Electronic Supply Source Hitachi 750 V A
en
６principle of power　measurement with the
electrometer is showed in Fig. 2. Where ｊＶ:
moving vane, 1，2,:quardrants.
　Deflection of moving vane
　　　oo(potential difference between N and １)2
　　　―(potential difference between ｙ and 2)２
We can converge the deflection to zero ad-
　justing DC voltage 馬･
We get the following relation at such condi-




　　Ｅａｌ。COＳ(ｐ　＝　AC power can be determined with DC voltage.
£）2is Shotter of Hawkes type AC/DC comparater. The distinguishing features follows.
The dynamometer coil system is astatic, and DC coil system is the ring york magnet
system.　The AC/DC sensitivity ratio can be set by adjusting magnetic shunt and shunt
resistance of DC moving coil.
　　The static voltmeter SVl is mainly used for monitoring the potential drop of the
standard resistance (load) /?1 with deflection method.　The short scale is employed
without the long scale.　That is realized with two light sources ； one is fixed for zero-
point drift checking, the other can be removed freely on the guide rail, equally diatant
from the meter, to get the spot on the short scale.
　　71夕is composed of two thermocouples as well known. Other instruments and
equipments are described 5 and 6.
Part II.　Electrodynamometer type AC/DC Transferinstrument
4. Theory of indication of electrodynamometer
　　4.１　Some requirements for this type transferinstrument
　　4.２　Theory of indication characteristics of dynamometer　especially　in　power
　　　　　measurement.
　　Error factor are as follows except reading error.
(1) Temperature error
　　(i) Variation of controlling torque depending on change of spring constant.
　　(ii) Resistance-temperature coefficientin potential circuit･
　　(iii) Deformation of coil dimension･
(2) Electromagnetic error
　　(i) Variation of torque constant.
　　(ii) AC error
　　　　　１　Time constant of potential circuit.




　　　　　3　Mutual inductance between fixed and moving coils.
　　　　　４　Capacitivecurrent.
　　(iii)Change of potential circuit resistance









　　(ii) Imperfection of elastisity of spring
　　The author designed our instruments marking above factors and also reduced charac-
teristicsof indication by means of circuit theory to analyze the results of AC test and
to improve the design of the instrument. Contents of 4.2.
(1) Indication of dynamometer type wattmeter
(2) Torque constant and scale characteristics
(3) Fundamental circuit of wattmeter
(4) Indication of wattmeter in fictionalload test
　　(i) General consideration
　　(ii) Fundamental approach
（5）ＡＣ characteristics with fictionalload test
　　(i) Calibration in DC
　　(ii) Calibration in AC （coSSp＝1.0）
　　(iii) Power factor characteristics
　　(iv) Effects due to input voltage
　　(v) Effects due to supply current
　　(vi) Zero powerfactor test
　　(vii) Effects due to eddy current
　　(viii)Stray capacity and mutual inductance
　　(ix) Effects due to self and mutual inductance and stray capacity･
（6）ＡＣ characteristics with real load
　　(i) Fundamental approach
　　(ii) Effects of eddy current
　　(iii) Effects of self, mutual inductance and stray capacity.





　　The fundamental principle of composite coil dynamometer and detailsare described,
especially about sensitivity adjustment and how to determine various constants.
　　The substandards are the standard load and zero-power-factor testing set. The
standard resistance load is used for wattmeter test at ｐ.f.=1.0, and also for current
measurement as the AC shunt, of which voltage drop is measured with staticvoltmeter for
example SV-1. AC error depends upon the time constants. Standard mica condenser,
of which loss angle is known, can be used for wattmeter test at leading current p. 1=0.
　　Zero-power factor testing set is composed of two units, the one is standard mutual
inductance, of which impurity is estimated, the other potential divider.
　　Operating console is provided with the meterindication viewer, with which the test
man can adjust the indication of undertest instrument accurately and easily without
eye-strain. Because three images―
and projected on one flat screen by means of optical system. If the undertest is the
light beam indication instrument, the test man can observe its indication through bi-
nocular glass attached to the system.
6. Practical AC standard
　　6.１　General introduction
　　6.2　Practical AC standard
　　6.3　Standard wattmeter (0.1 class)
　　As the transferinstruments are not suitable for routine workぺalibration of many
instruments―either in construction or in operation, we designed the practical transfer-
instrument for this pourpose, because some of meter cirtificationbranches had required
what could calibrate 0.2 class laboratory type instrument with ease.　The author cali･
brated 0.2 class meters registered as standard for certification at all branch in Japan in
1959. The author employed resistance adjusting method for calibration, and Siemens
Lichtmarken Instrumente as the indicator in deflection method. The author developed
the measurement system, and employed zero-method. The zero indicator is composite
coildynamometer in conference of Dr. Friedle Type"Ｗａttmeter. The instrument can be
used for powerfactor test of wattmeter and calibration of low power factor wattmeter.
　　The specification or characteristics of laboratory type instrument (JIS 0.2 class)
produced in Japan is not sufficient recently for our demand. Then the author designed
the new type standard instrument, what we call 0.1 class. It has the light beam dual
scale indication system, the tension strip system which support moving part, and some

























































































































































































































































































立研究所ではないがLaboratoire Centrals des Industries Electriques （ＬＣＩＥ）が，電流力計，
静電電圧計について簡単に報告しているが，平凡であるし，未発表のアイディアはあるかもしれぬ
が現時点では特に学ぶべき点もないようである。一方新興勢力として特に注目したいのは濠州の
National Standard Laboratory （ＮＳＬ）で電圧の直接比較を行なって静電型電極の酸化皮膜の影
響を報告している他, NBSや，南阿のＮＰＬとも密接な連装を保って，他の標準分野での業績も













　すなわち1900～1910, 1910～1920, 1920～1940, 1940～1960の４区間に分けられる。
　第１の区間は電流力計では初期の理論的研究がＣ. Ｖ. Drysdaleによりまとめられつつあり(5゛7)，








した点に大きな意義がある。　なおこの他A. H. Compton, K. Ｔ. Ｃｏｍｐtｏｎ(14)による象限電位
計の理論等が著名であった。
　第３の区間になると米国のＮＢＳの活動期に入り，前区間の蓄積が各種の電流力計型標準器とな











































































































































哉賊的 電気的 校正 試験
力
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　　　　　　　　　　　　　Fig.5 ･ 1 ･ 7
ＭＣ電流は次のようになる。
今

















































































































































































































































































製品には多く，また0.1 (0.2級）のドイツSiemens社の光示式電力計は180/90 V 定格である

















































































































































































　JMIM, a,或いは(y/ω訂等の値はM=10 mH, 100 mH 等にっいてはすでに報告があるが，我々
のM=lmHのものではどうであろうか。Cp,C。Ｃ。鴇，経験的には,それぞれ150 PF, 200 pF, 1000



























































































































































































































































またCOS (p = 1.0で同じ点を指示させる入力をPl.Oとするとき次式で表わされている。(7）0.5一
P1.0)＼Ｐｘ.0ﾀ　ただしPo.6は電圧に対し電流が遅れる場合と，進む場合があるから二通りの値をと
























　周知の如く，指示計器は偏れの少ない程桁度がおちるので例えば，定格150 V, 5 A, cos９＝0.2
102













































































































　　　　　　　　Fig. 6 ･ 2 . 6　　　　　　　　　　　　　　　　　　　　　Fig. 6.2.7
　実際に使用する場合には上のような場合の他に，素子１は交流，素子２は直流を印加する。素子


























































































































































級は750 Wが最大目盛であるから, 500 Wがその2/3に当り，読み取りの不正確度は定格値のモ
110　　　　　　　　　　　　　　　　　1’ ‾｡，







　電圧　200 V， 100 V
　電流　　5 A, 2.5 A
外附倍率器による電圧レンジ



















































　　　　　　　　　　　　　　　　　　　　Fig.6 ･ 3 ･ 1
外付倍率器の接続

























































　300, 240, 150, 150,
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General Review of Maintenance of
　AlternatingCurrent Standard
　　　　　　　　　　　　　　　　　by
Mamoru IWAMURA and Toru YAMAZAKI
SYNOPSIS
　　The basic electricalunits are determined by the absolute measurement. As this
procedure is too troublesome and laborious to apply in practical measurements, we
employ the comparison measurement. In this case there must be the standard which
the unknown quantity is compared with. The original practical standards of DC
quantity are the Weston-Cell and the standard resistor,the former being the standard
of voltage and the latter the standard of resistance. Thus we can measure Voltage,
Current, and Power precisely　by means of ａ potentiometer and Its accessoriesin
conjunction with the above two standards. As the sufficientaccuracy. say 0.01％，
can be obtained easily　in　DC measurement, the DC standardizationis satisfactorily
established｡
　　On the other hand in AC measurements we have not such ａ voltage standard
as the Weston-Cell in DC measurements. Therefore we can not determine the value
of AC quantities.such as Voltage, Current, and Power. Then we employ the transfer
system. The AC effective value is transferred from the DC value with　ａAC/DC
transfer instrument. Then we may think what we call the transfer instrument 13
an AC standard. So far as is known, the instrument makes use of the electro-一一
２magnetic force between ２ currents, electrostatic force, ０ｒthermal phenomena which
have the same response to DC and AC. For this purpose　we　commonly　use　the
dynamic, static, and thermal type instruments because of their suitability for transfer
system. If　these instruments had　ideal　performance, the AC quantity would be
exactly transferred from that of DC. Though none of these instruments is thoroughly
free from errors as ａ transfer instrument, the error of each type may be made very
small and residuals are sometimes calculable. Therefore the value of AC quantity
depends on the value of DC quantity and the transfer errors of these instruments
as follows:
Value　of DC　quantity -> Transfer error
l
一少 Value　of AC quantity
Then the accuracy of AC measurement is determined by the factors as follows :
　1. The accuracy of DC measurement
　2. The accuracy of transfer instrument　: －
　　　　　　　　　The stability of transfer instrument
　　　　　　　　　The sensitivity of transfer instrument
　　　　　　　　　The accuracy of determination of transfer error
　3. The stability of supply sources･
The first may be considered to be sufficient. But the others are not sufficient to
approach the resultant accuracy 0.01％.　Those who are engaged in the establishment
of AC standard have made efforts to develop this subject, and many trials have been
performed.
　　　The　greatest　difficulty　with　this　subject　is to determine the transfer error･
Many and various types of transfer instruments, errors of which are calculated and
recognized to be very small, are compared with each other. But even in such ａ case.
the transfer error of the original transfer instrument is assumed to be zero. ０ｒof
negligible small, though　not absolutely determined. Consequently the accuracy　of
determination　of　transfer　error　at present　depends　upon　the above comparison.
Therefore it is・not too much to say that the AC　standards　are maintained by
groups of　these instruments. Recently the　importance　of electrical measurements
in industry has been　greatly　increased, and accurate　measurements　have been
required in every field of industry.　For example, ａ user of ａ good instrument
over the range of frequencies between 50c/s and 20kc/s expects an accuracy of
0.1％.　In order to satisfy these requests in industry we must succeed in achieving
the transfer instrument that makes ａ very close approach to the ideal performance
and in establishing the　AC standards with higher accuracy.　We have been engaged
in this subject at the Electrotechnical Laboratory since 1950 by the help and suggestion











University) and Dr. M. Ikeda (ex-Chief of Second Standards Section, at present Chief
of Planning Section).　This paper is a brief review of this subject.　The important
problems of this subject, and the references are given. We hope this paper is available
for those who are engaged in calibration of instruments in Japan
The Summary of the contents　is as follows :
　1. The accuracy of AC　measurement. the definition of transfer error we employ,
　　　and the method of determination of transfer error etc. are described.
　2. Historical　aspects　of development of transfer　instruments, ― dynamometer,
　　　static, thermal, and other types, ― are given.
　3.A brief aspect of supply sources for accurate　measurement is described.
　4. AC standards of several countries are described.
　　　　　We think that NPL stands on the top level in every field　of this subject
　　　　　owing to its equipments and experiences. and that NBS is excellent in the
　　　　　field of thermal convertor.
　　　　　We have an interest in the new trialin NSL, and in the new equipments of PTB.
　　　　　We have three transfer instruments. that is. a dynamometer type comparator
　　　　　（Ｎ０.1）（ａSUsbee type dynamometer) which is regularly used to calibrate
　　　　　0.２class（JIS）゛*instruments, a quadrant electrometer (No.l) which is used
　　　　　in zero method to balance the torque due to the AC power, with that due to
　　　　　the square of DC voltage and ａ　thermal instrument (Shimadzu Seisakusho
　　　　　Ltd.) which consists of 2 differentially connected thermal converters. Founding
　　　　　on these experiences we made ａ plan to construct AC standardizing equipments
　　　　　　inorder to satisfy the recent industrial request.　Ａ new quadrant electrometer
　　　　　(No. 2) has been built up, and ａ new dynamometer type comparator (No. 2)
　　　　　(astaticdynamometer―ring type magnet-moving coil type) is under construction
　　　　　for the purpose of the calibration of 0.2 class (JIS)* instruments.
　5. AC Standards in Future.
　　　Two types of transfer instruments nothing to say stabilized supply sources for
　　　accurate measurement　must be equiped. One is　used for the maintenance of
　　　standard, the other is regularly used for calibration of 0.2class (JIS)* instruments.
　　　The standard instruments to measure　amplitude and phase difference. which can
　　　be caribrated　with DC or by time measurement, will take the place of present
　　　transferinstrument of voltage. current, and power. The system of standardization
　　　will　bemore simplified.










































































































































　　の際のroot mean square error と組合せて交流測定の確度（交流標準の意）は. 0.03十〇.02＝0.05（％）
　　となる．即ち絶対値からの相違はこの範囲内では必ず保証されることになる．（次頁下図へ続く）
２
= 還 一 　 － ｒ ． ， 　 　 ‘ ゛


































































































































































































































































































































































註９　文献(2) Audio frequency power measurements by dynamometer wattmeter ；Ａ.H.M. Arnolde;






　　　Ｐｗ　＝　ＫｉＥＩcos<p+尺2 CEI sin(p +ωMP)















































が与えられ, Zp ― Rp十知XJ。Ze = Re十加兄，又ｗMlpiは極めて小さいとすると，近似的に
乃Ｆ＝
但し
EＩｃOS tandw El sin
　　　　1＋ω2ん
― tan di『 M72
= ＫｉＥＩｃｏ即十KzEI smnクーＫ31２



































































1　文　献　に）Λ　precision　electrodynamometer standard ΛC/DC　transfer instrument. ；
J.W. Whittaker ； PIEE　Vol. 101 Part n, No. 79, Feb. 1954 p. 11～20
；　文　献(5) The developement of ａ sensitive precision wattmeter for the measurement of very
　　●噛　　　　　－Ｗ-- -･－　－　ミ　　==＝＝ﾐ=＝一一・　－
註13　文　献( elopement sitive cision＼va
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註14　文　献(6) Standard electrodynamic wattmeter and AC/DC transfer instrument ；
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得ず，殊に英国National Physical Laboratory （ＮＰＬ）の過去50年にわたる交流標準建設への
努力には我々は敬服の念をおしまない．
一 一 ・ - - 一 一 一 一





























文　献: (7) On the theory of alternating current wattmeters ； Ｃ. V. Drysdale ； Electrician Vol. 46.
　　　　　　1900 p. 774～778。p. 872
文　献( 8 ) Wattmeters correcting errors ；Ｃ. V. Drysdale ； Electrician Vol. 55. 1905. p. 429～430,
　　　　　　p. 556～557, p. 676
文　献（9）Ｔｈｅ theory of dynamometer wattmeters: C. V. Drysdale ； J.I. E. E. Vol. 44. 1910.
































( i ) Torque定数の変化に基く誤差：　　周知の如く可動部の回転に伴って訂は正弦波的に
註19　文
　　Vol.
　献（11）A precision form of the Kelvin electrostaticvoltmeter；Ｅ.H. Rayner ；JIEE.
59. 1921. p. 138.
註20　例えば次のような文献もある．
文　献(12) Note on the temperature compensation of precision dynamometer instrument ；Ｗ.Phillips；
　　JSI Vol. 3　1926. p.374～377.













































































　文献(13) Uber Spannungsfadschaltungen 伯ｒeisenloseelektrodynamische PrSzision･Leistungsmesser；
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Schering Bridge でloss angle を測り，これと比べている．ただこの際の象限電位計に関しては
詳細な報告がなくその特性を知るよしもない．












































































































Ｒａ: Dial ｌ notch の抵抗
び:springの制御定数
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註39　文献(22) Ein neuer Prazisions-Messumformer fur Wechselstromleistungsmessungen ；J.Sorge. ;
　　VDE Fachberichte 1953. S. 27/1
註40　文献(23) Bericht iiber die Tatigkeit der Physikalish-Technischen Bundesanstalt in Jahre 1951
　　　　　　　　S. 13.
　　　　文献（24）　　/;　　inJahre 1952. S. 20.







































































註42　文献(26) The electrostatic voltmeter as ａ DC/AC transferinstrument ；Ｒ.Ｓ.Spilsbury, A. Felton;
　　　　　　　　JIEE Vol. 89. Part II. 1942. p. 132.
註43　文献(27) Das Problem der exakten Messung von Wechselstrom ;Ｒ.Schmidt ;VDE Fachberichte
　　　　　　　　16 Bd. 1952. Ｓ. 25/1
註44　文献(28) Determination of the AC/DC transfer error of an electrostatic voltmeter ;Ｗ.Ｈ. Smith,
































註45　文献（29）Ａ treatiseon electricityand magnetism ；J.C. Maxwell ； Vol. 1.
註46　文献(30) H. Schultze； Zeitschriftfur Instrumentenkunde 1906. S. 147.
註47　文献(31) The Quardrant Electrsmeter；Kowvenhoven ； Trans. AIEE Vol. 44.1952. p.761
註48文献(32) Ein neues Quardrantenelektrometer fur dynamische Messungen ;Ｈ.Schultze ;Zeitschrift
























































































































































































































































註54　文献(37) A sensitive modification of the quardrant electrometer; its theory and use; Ａ.Ｈ.
































































































































































　　　文献（40）Ｄｉｅgenaue Messung von Wechselstrom-spannung und-leistungｌ; Felix Angerbach ;
　　　　　　　ATM Lieferung 222. Juli 1954. S. 155.















































註60文献(41) Berechnung und gunstigste Bemessung einfacher Thermoumformer (Thermokreuz) ;
　　J. Fischer；ZeitschriftfiirTechnische Physik 35. 1941. S.23.
註61　文献(42) Thermal converters as AC-DC Transfer standards for current and voltage measure-
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註64　文献(43) Uber die genaue Absolutemessung von Wechselspannugen und einen Kompensator
　　Priifung von Wlchselstrom-feinmessgeraten ； Ｗ. Rump ； Elektrotechnik Bd. 73. 1946 S.64.
　　　Ｗ. Rump のheater回路補似の図面には誤りがある．したがってこれを引用した文献(27) S. 1/27
　　の図面もまたそのままになっている．補ぽt抵抗はheaterに並列に入らなければならない．














































θａ: Thomson heating がない場合の温度上昇
註66　文献(42)
　　　　　　(46)Ａ precision electrothermic voltmeter for measurements between 20 and 20,000 Cycles;
　　F. L. Hermach ；Trans. AIEE Vol. 67. 1948. p.1224
　　　文献(47) Transferstandard for audiofrequency tests National Bureau of standards Technical
　　News Bulletin Vol.36. No.3. 1952. p.42.
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　　　文献(53) tJber eine Eicheichrichtung zur Messung von Wechselstroraleistungen；Ｆ.Westenber-



























註72　文献(54) Wechselstrom-Kompensationmessungen mit indirektgeheitzen NTC-Wiederstaden

































註73　文献（55）A bridge for precise comparison of AC/DC voltages; W.J. Cunningham,




































註74文献(56) Ein Beitrag zur exakten Messung von Wechselstromen ；Ｇ. Trautner ； Archiv fur
　　Elektro　Bd. 42. Heft. 2. 1955. S. 94～99.
註75　文献(57) Regelbrucke als Wechselspsnnungsnormal zum Priifen von Prazisions-Messinstru-


















































































































































































































註83　文　献f59") Alternating-current-instrument testing equipment ；Ａ.H.M. Arnold； PIEE
　　Vol. 101　Part II　N0.80 1954　p. 121～133
註84　文　献（60）Ａ New precision AC voltage stabilizer;G.N Patchett； PIEE　Vol. 97　Part II
　　　1950･p. 529
註85　文　献Eine Wechselspannungsquelle hoher　Konstanz　mit　Normalfrequenz ； Hans･Jurgen













































註88　文　献(63) An electronic supply for use in the caribration of
　　　instruments ；Ｆ.J, Wilkins Ｓ，Harkness PIEE Ｖ０１.103　PartBNo.7
　　　1956　　p. 83～92
(64) National Physical Laboratory Report for the year 1952



























































(66) Post Office Research Report Ｎ０.12609
(67) Some considerations in the design of negative feed-back amplifiers； Duerdoth
　　PIEE　Vol. 97　Part Ill 1949 p.138





















































































































C2,C3 selectedfor range ｖ3こUCC85
?????
＊　0.0011n Evanohm on ０.０１１ｎmica card
Note. 1　Determined for highest frequency range











Ti output 3 :１



































500 c/s では0.01％の確度をもっＰＴ（変成比は１：４，１ ： 10, 1 ： 20, 1 ： 50, 1 ：１００）で














註92　文　献(69) The accuracy of measurement of electricalstandards；Ａ. Felton； PIEE　Vol. 98







　　　　　　　(70) AUernating current resistance standards; A.H.M. Arnold；PIEE　Vol. 100
　　　　　　　　Part II 1953　p. 319
72
ミ ４ ･ ● Ｊ 　 一 〃
25A以上では標準抵抗器の或るrangeを使って50, 100, 200, 500 A，等より２Ｖの電圧降下
を得，これを励磁電流が，標準抵抗を流れる電流に比し無視出来る位小さいＰＴを使って100V




































































30 110 158 20～70
２ 直流電源賤１台，電源蓄電池
発電機２台
単相，二相，三相接続可能 10 250 23 20～105
３ 直流電動機１台，電源蓄電池
発電機２台
単相，二相，三相接続可能 10 250 23 20～105
４ 直流電動賤１台，電型蓄電池 発電機２台
単相，二相，三相接続可能 ５ 120 24 40～60
５ 直流電動機１台，電源蓄電池 発電機２台
単和，二相，三和接続可能
５ 150 19 100～600
６ 直流電動機１台，電源蓄電池 単相発電機１台 20 200 100 50
７ 発振器１台，電源交流50c/s 増幅器４台
単幅，二相，三和接続可能 0.1 70 1.4
1,000～
　30,000
８ 発振器１台，電源交流50els 増幅器１台 0.7 85 8.2 50～4,000
５．２　南アフリカ
















文　献(71) Extension and dissemination of the electricaland magnetic units by the National
　　　　　　　Bureau of Standards；Ｆ.B. Silsbee；NBS Circular　531. July　1952
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　　　　　文　献(73) Comparison D'appreils etalons de mesures en courant continu et en courant
　　　　　　　　　　alternatif50 hertz
　　　　　　　　　　　EtudeL 55―70
註106　C.D.C　とはCompagine pour la Fabrication des competeurs の略でフランスの測定器メーカー




















































































註107　文　献(74) Die Physikalisch-Technischen Bundesanstalt .ihre Aufgaben und Bedeutung fur
　　　　　　　　　　　die Technik　　‘
　　　　　　　　　　　A. Scheibe
　　　　　　　　　　　Berecht iiber die Tatigkeit der Physikalisch-Technischen














































(75) Messung des Phasenfehler von Leistungsmersern mittelseiner Gegeninduktivitat
　　　H.E. Linckh
　　　ETZ　７３ Jahrg. Heft ６　　Martz 1952　S.155～158
文献(76) Tatigkeitsbericht fur die Zeit vom １ Januar 1951 bis zum ５１Martz 1952
　　　　　　　Physikalischen-Technischen Reichsanstalt
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　　　　The stabilizationof a. c. power supplies derived from rotating machinery ；Ｂ.V. Hamon
　　　　(National Standards Laboratory, Australia)
　　　○一次標準電力計
　　　　Primary Standard Wattmeter































　　　Alloys for precision resister
　　　C. Paterson (National Physical Laboratory)
　　○交流電圧，電流測定用熱電対型測定器
　　　Ｒ:L.Hermach (National Bureau of Standards, America)
　　○可聴周波電力の測定について
　　　Measurement of power at audio-frequencies, with special reference to the equipment at the
　　　National Physical Laboratory for the calibrating wattmeters







　　　　　　　Proceedings of ａ symposium held at the National Physical Laboratory on the Novem-
　　　　　　　her 1954
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